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(57] ABSTRACT

A method and apparatus for testing data processing
systems having a plurality of peripheral units connected
over a bus line system to a central control is described.
Check mstructions are sent over the bus line in order to
obtain predetermined answerbacks so as to check the
answerbacks. For checking the address decoding in the
peripheral units a first check instruction and the ad-
dress of a peripheral unit are sent from the central
control. The addressed peripheral unit reports back its
address to the central control, and the received mes-
sage In the central control is compared with the sent
address. Thereafter, a second check instruction and the
same address are sent from the central control. The
addressed peripheral unit reports back its address in
mverted form, and this received message is processed
with the previously sent address. In case of inequality
between the first received message and the first sent
address and/or inequality between the second received
message and the inverted address of a fault is indicated.
If a fault 1s so indicated, the first and second received
messages are correlated, bit-by-bit, with the sent ad-
dress and the sent inverted address. Upon locating a
faulty component of a message, that component is
compared with addresses of all other peripheral units
so as to determine the location of the address decoder
causing faulty messages. |

8 Claims, 4 Drawing Figures
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METHOD AND CIRCUIT ARRANGEMENT FOR
. TESTING DATA PROCESSORS -

BACKGROUND OF THE INVENTION

The invention relates to a method and a circuit ar-

rangement for testing data processors. The invention is
particularly useful with telephone switching systems

having peripheral units connected to a control center
over a bus line system. |

Program controlled systems having electronic central
control units have increasingly been employed in tele-
communication switching. Conventional designs of
such central control units consist of a plurality of indi-
vidual units structured into a hierarchy and involve
central and peripheral units. It is common practice to
connect such peripheral units to the central unit over a

bus line system. The peripheral units are all connected
in the same manner to such a bus line system. Digital

addresses are communicated from the central unit to
the address inputs of all the peripheral units over the
bus line system to select and activate one of a plurality
of peripheral units. The information content of a speci-
fied transmitted address code can be screened by
means of an 'address decoder allocated to each individ-
ual peripheral unit so that only one of a plurallty of
peripheral units is activated.

For reasons of operational reliability and in an effort
to minimize down time, it is common practice to rou-
tinely test all the essential parts of an electronic central
‘control unit. Checks of the bus line systems and of the
individual address decoders in the perlpheral units are
particularly significant, because an error in this area
can render the entire central control unit inoperative.

To test a data processor having a central processor
and a plurality of storage units which are addressable
over a common bus line, present techniques (cf. West
German Auslegeschrift 2,048,670) determine if an
addressed or a non-addressed storage unit transfers an
incorrect answer to a storage read instruction supplied

by the processor over the common bus line. To achieve

this, a read instruction is transmitted from the central
processor over the common bus line so as to obtain a
predetermined bit pattern stored in a prespecified stor-
age location of the addressed storage unit. This read
instruction is assigned individually to the addressed
storage unit. In the processor, a bit pattern specially
assigned to the addressed storage unit is compared with

the bit pattern obtained through said processor over

the bus line in order to deduce an error pattern. With
‘this process, it can be determined if a bit pattern ob-
tained over the bus line contains bits pertaining to
identifier bit patterns specially assigned to other stor-
age units. This prior art method thus enables the detec-
tion of address errors.

It is an object of this invention to pmwde a method
and circuit arrangement by which double addressings
in the periphery of the bus line system can be detected.

Another object is to provide means and method for
determining if incorrect answerbacks from the periph-
ery in reaction to test instructions are caused by an
incorrectly activated unit or by malfunctions in the
addressed unit or in the bus line system. -

A further object is to-provide a testing method whlch
can be performed fully automatically without deleteri-
ously affecting the normal operatlon of the central
control unit. SR |
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Still another object is to provide a method and circuit
arrangement in which the allocation of address codes is
not subject to any restriction, thus resulting in optimum
utilization of the address circuit of the bus line system
and flexibility in the design of data processors.

SUMMARY OF THE INVENTION

In accordace with the invention the foregoing and

‘other objects are achieved in that for the testing of the

correct address decoding in the perpheral units a first
test instruction and the address of a peripheral unit are
transmitted from the control center. The latter periph-
eral unit reports its address back to the control center,

“and the received first message i1s compared in the con-

trol center with the address sent. Thereafter, a second
check instruction and the address are transmitted from
the control center. The peripheral unit must then re-
port its inverted address back to the control center, and
the second message received is compared in the control
center with the address sent last. In the case of inequal-
ity between the first received message and the sent
address and/or inequality between the second received
message and the inverted value of the address a fault 1s

‘determined through further data processing. In- the

latter case the messages are correlated by digit position
with the sent address and with the sent inverted ad-
dress, and the equality or inequality of the digit posi-
tions of the same logic operation results are examined.
The faulty component of a message is ascertained,
whereupon the component is compared with the ad-
dress of all the other peripheral units so as to determine
the address of the address decoding. causing the faulty
message. |

- Conveniently, a check routine according to the in-

vention is handled such that during the further data

processing a first position-by-position operation of the
inverted value of the address produced in the control
center is carried out with the first message and the digit
positions of the first operation result are compared with
one another. In case of equality between the digit posi-
tions of the first operation result a second position-by-
position operation of the address is carried out with the
second message, and the digit positions of the second
operation result are compared with one another. In
case of equality between the digit positions of the sec-
ond operation result one must deduce the existence of
a fault to be determined through other processas. In
case of inequality between the digit positions of the first
and/or second operation result a third position-by-posi-
tion operation of the address is carried out with the
inverted value of the first message, and the digit posi-
tions of the third operation result are compared with
one another. In case of inequality between the digit
positions of the third operation result, a fourth posi-

tion-by-position operation of the inverted value of the

address is carried out with the second message, and the
digit positions of the fourth operation result are com-
pared with one another. In case of inequality between
the digit positions of the fourth operation result one
must likewise deduce the existence of a fault to be
determined through other processes. In case of equality
between the digit positions of the third and/or fourth
operation result further data processmg is carried out,
and during this further data processing through posi-
tion-by-position operation of the address, of the first
message ‘and of the second message, the component
causing at least one faulty message is determined. A
comparison of this component with all the addresses of
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the other peripheral units connected to the bus line
system 1s carried out, and in the absence of equality
between the component causing the faulty messages
and one of the addresses, one must again deduce the
existence of a fault to be determined through other
processes. In case of equality with one of the addresses

the peripheral unit causing the faulty message is ascer-
tamned.

The invention can be practiced very conveniently if
test instructions and messages are transferred in paral-
lel with binary character elements by means of separate
data channels within a bus line system. In a circuit
arrangement for carrying out the method of the inven-
tion, the bus line system connecting the control center
with the peripheral units is conveniently divided into
several lines: a multiwire address circuit, a multiwire
instruction circuit and a multiwire recording trunk.

This present invention is not restricted to apphcatlon
In data processors in which only one central unit is
connected to more than one peripheral unit over a
single bus line system. Rather it may likewise be ap-
plied with appropriately designed circuit arrangements
to even fairly large systems having more than one cen-
tral unit and more than one bus line system, which are
connected in the same way to a common group of
peripheral units. Moreover, the invention is not limited
to only systems wherein the items of information to be
transferred by means of the bus line system are com-
posed of binary character elements. Thus, for example,
the invention is applicable to systems wherein items of
information composed of ternary character elements
are used.

An advantageous aspect of the invention is that the
kind and location of a fault in the region of the address
decoding of the peripheral units connected to a bus line
system can be determined automatically. This means
that if there is a malfunction in a unit that is not ad-
dressed during a check routine, e.g., in the address
decoder thereof, the occurrence of a resultant double
addressing, i.e., the activation of the deliberately ad-
dressed and of the incorrectly addressed unit is de-
tected, and the addresses of these units are determined.
The invention makes this possible despite the fact that
a bus line system as employed in the example described
hereinabove has the inconvenience that various simul-
taneously applied data signals are mixed as a result of a
disjunction. Also of advantage is the fact that the allo-
cation of address codes is not subject to any restric-
tions. This leads to optimum utilization of the address
circuit of the bus line system and to flexibility in data
processor design.

BRIEF DESCRIPTION OF THE DRAWINGS

The principles of the invention will be more readily
understood by reference to the description of a pre-
ferred embodiment constructed to operate according
to those principles given hereinbelow in conjunction
with the four figures of drawings as described briefly
below.

FIG. 1 is a block diagram of a data processor DVA
constructed to operate according to the invention.

FIG. 2 is a block-shcematic diagram providing a
more detailed illustration of the FIG. 1 embodiment.

FIG. 3 is a simplified flow diagram showing a method
for locating and determining faults according to the
invention. ~

FIG. 4 is a truth table for explammg assumed causes
of error.
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DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a data processor DVA
comprising a central control to which more than one
peripheral unit is connected by a bus line system. The
various individual components of the data processor
are of known construction so that structrual details are
not given herein, except as necessary to an understand-
ing of the invention which will enable one skilled in the
art to practice it. The configuration of and interopera-
tion of such a system are described in ‘“‘Bell System
Technical Journal, 1964, No. 5, page 1964.

All peripheral units A, B, and C are connected in the
same way to bus line system L. An address code as-
signed to the pertinent peripheral unit is sent from the
central control Z over the bus line system to all the
peripheral units to select and activate one of a number
of peripheral units. In this example, it is assumed that
all items of information to be transferred with the aid of
the bus line system, hence, also the address codes, are
each composed of more than one binary symbol.

Referring to FIG. 2, the bus line system L is divided
into three lines, i.e., an address circuit LA with wires

AQ, Al . .. An, an instruction circuit LB with wires
BO, B1 . . . Bn and a data signal trunk LM with wires
MO, M1 ... Mn. All wires of the three lines of the bus

line system described are connected in the same man-
ner to all the peripheral units, as can be seen from the
multiple symbols entered in the figure.

The Internal construction of peripheral unit A is
shown In the upper part of the figure as an example for
all the peripheral units. The wires of the address circuit
are connected to the corresponding inputs of an ad-
dress decoder AD, the wires of the instruction circuit
are connected to the corresponding inputs of an in-
struction decoder BD, and the wires of the ‘data signal
trunk are connected to the corresponding outputs of a
transmitting unit SP of the peripheral unit. The address
and instruction decoders are of the well known con-
struction illustrated in U.S. Pat. No. 3,665,110 and
described in more detail in “Computer Handbook” by
Huskey and Korn, 1Ist Ed., Sec. 14.24 f.f.,, McGraw-
Hill. One of the outputs of the address decoder, i.e., the
one corresponding to the individual address of the
peripheral unit, is connected to an input of the receiv-
ing unit. The outputs of the instruction decoder are
likewise connected to corresponding inputs of the re-
ceiving unit.

Instructions in the addressed and, hence, activated
peripheral unit sent from the central control travel over
a connection between the receiving unit and the pro-
cessing unit VP’of the peripheral unit to the latter pro-
cessing umt. This task is readily performed by a simple
Composable Logic Matrix, as described in the publica-
tion “Fairchird Semiconductor Optimos”, September,
1972, page 272. Data emerging after processing are
coupled over a connection between the processing unit
and the transmitting unit SP of the peripheral unit to
the peripheral unit. The transmitting unit applies to the
binary symbols of the data being transferred to the
wires of the data signal trunk which are connected to
the corresponding inputs of the receiving unit EZ of the
central control.- The outputs of the receiving unit are
connected to the inputs of the processing unit VZ. In
the processing unit, all data processing operations re-
lated to the method of the invention, such as logic
operations, comparisons, interpretations, etc. are car-
ried out. In conjunction with the test pulse generator

_...mnmui;.. | ililiil
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PS, the processing unit determines which address codes
and test instruction codes shall be sent from the trans-

mitting unit SZ of the central control over the address
circuit LA and the instruction circuit LB. The result
transmitter ES sends to an external device the result
data appearing at the end of a check routine. As indi-
cated, the processor VZ only has the task of accepting
decoded instruction and address signals coupled
through receiving circuit EP and providing processed
results to the test pulse generator PS. The logic ar-
rangement within VZ is fully defined by the flow dia-
gram of FIG. 3 herein and the truth table of FIG. 4
herein. A specific means for performing these opera-

tions is described in structural detail in “Computer-

Handbook™, Supra, Section 20.6.
Check routines are handled sequentially for all the
penpheral units so as to test the correct address decod-

ing within a peripheral unit and, where necessary, to
find the kind and location of the fault.

FIG. 3 is a simplified flow diagram for a check rou-
tine of the type discussed above in which the address of

the peripheral unit A is employed as an example, FIG.

4 shows various data items made up of the binary digits
Z0, Z1 . . .Z4 for the purpose of explaining the neces-
sary data processing operations. This will be explained
hereinbelow with reference to several examples.

The problem in the bus line system, as employed in
the example, resides in the fact that when transferring
correct data signals and concurrently transferring any
data from another source due to a fault, there occurs a
position-by-position disjunction of the binary symbols
of the data. Thus, for example, a binary symbol 1 ap-

plied to a wire would be suppressed by a binary symbol
0 likewise applied to the wire, because the voltage

potential representing a binary symbol 1 would be low-
ered by a voltage potential representlng a binary sym-
bol 0. |
As a result of this pOSlthI‘l—by—pOSItlon dlS_]LlIlCthﬂ of
the binary symbols, it is not possible to immediately
identify data signals from an unknown source which are
sent to the data trunk of a bus line system concurrently
with data from an activated peripheral unit.

As stated hereinabove a purpose of the invention is to
determine the source of such unknown data, i.e., pro-

vide a way to a wrongly addressed and hence, actl--

vated peripheral unit.

A number of checking routines will be explained
hereinbelow with reference to FIGS. 2, 3 and 4 detail-
ing the operation of the method according to the inven-
tion in the following three cases:

1. Good condition ) E |

2. Non-ascertainable error condition

3. Double addressing -

1. Good Condition: After 1n1tlat1ng the checkmg

- routine, the address A is sent from the central control
Z to the peripheral unit A over the wires AO, Al ... An

of the address circuit LA of the bus system L. At the

same time, the test instruction PB:A is applied to the

wires BO, B1 . . . Bn of the instruction circuit LB. The
address decoder AD of the penpheral unit A sends an

enablmg signal to the receiving unit EP of the penph- |

eral unit, so that the decoded test instruction which is
applied at the output of the instruction decoder BD can
become operative in the receiving unit EP. The order

contained in the test instruction reads: REPORT
BACK ADDRESS. The processing unit VP executes

this test instruction and applies signals corresponding

to the processing result to the inputs of the transmitting

4,017,829
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6 .
unit SP. The latter now sends a message over the wires
MO, M1 . .. Mn of the data signal trunk LM of the bus
line system L to the receiving unit EZ of the central
control Z. The message is processed in the processing
unit VZ. The flow diagram of FIG. 3 shows a.branch-
point in an appropriate place, where a query 1s mede to
discover if the received message M is equal to the sent
address. During the data processing procedure needed
therefor, the binary symbols of both items of informa-
tion are compared with one another by digit position. If
there is equality between both data items, the periph-
eral unit A is readdressed, and a check instruction
PB:A is sent. The order of the check instruction reads:
REPORT BACK INVERTED ADDRESS. As de-
scribed earlier, a message travels over the data signal
trunk LM to the receiving unit EZ of the central con-
trol Z. Then, it is checked if the received message M is
equal to the inverted value A of the address. If so, the
decision Good Condition G is made, whereupon the
check routine is stopped.

2. Non-Ascertainable Error Condition: As described

earlier, upon initiation of the check routine, the ad-

dress A and the check instruction PB:A are sent. Upon
receipt of the message M, the latter is compared with
the sent address. In the example of operation, both
items of information must not be equal so that the
check routine is continued over a connector K. A new
branchpoint is now added in which a check 1s made to
discover if the position-by-position disjunction of the
inverted value A with the first faulty message Q yields
an operation result with unequal symbols in the binary
digits ZO, z1 . . . Z4. FIG. 4 shows for address A the
example of a bit pattern having the form of 00111. As
mentioned earlier, if more than one message appears
concurrently on the wires of the data signal trunk of the
bus line system, there occurs a position-by-position
disjunction of the binary symbols of the messages.

If the received message M does not agree with the
sent address A, one must deduce the existence of a data
source which has, likewise, delivered a message, or of a
fault of a different kind. The digit 1 in the branchpoint
just described and in the following branchpoints has
been chosen as a convenient symbol for equality be-
tween the binary digits of operation results.

If the bmary digits of the first operation result are not
identical, i.e., are not equal to 1, a further branchpoint
is added in the check routine. Here, it is checked to
discover whether a position-by-position disjunction of
the address A with the inverted value Q of the faulty
message Q gives a result with unequal symbols in the .
binary digits ZO, Z1 . . .Z4. If so, the preliminary deci-
sion: DA/F can be made, which means that there 1s
either a double addressing or a not-ascertainable error.
An attempt is then made to determine the component
X causing the faulty message through the processing

“method indicated above. In this case, it is not possible,

60

65

because a second faulty message R, which is required
for the processing method, has not been received. The
comparisons to be executed in the following branch-
point between the component X causing the faulty
message and all the peripheral units B . . .C used in the
data processor must hence proceed negatively. There-
after, the decision non-ascertainable error F can be
made, whereupon the check routine is stopped.

2.2 In this example, it must be assumed that the data
comparison between the first received message and the
sent address proceeds positively. Then follows the re-
transmission of the address of the peripheral unit A and
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of the check instruction PB:A. The received message M
1s compared in the following branchpoint with the in-
verted value A. Both units of information must not be
identical in this example so that the check routine is
continued over the connector K. The check for in-
equality between the digits of the operation result must
proceed negatively in the next branchpoint, that is, the
symbols in the binary digits ZO, Z1 . . .Z4 must be
equal. A further branchpoint is added in which the
resuit of the position-by-position disjunction of the
address A with the second faulty message R is checked
for mequahty In the binary digits. If there is no inequal-
ity, that is, if equality exists between the symbols of the
five bmary digits, the decision: non-ascertainable error
R can again be made, whereupon the check routine is
stopped.

2.3 In this example, initially all the processes proceed
as described under 2.2. However, the difference is that
now the check or inequality between the symbols in the
binary digits (ZO, Z1 . . .Z4) of the result of the posi-
tion-by-position dlsjunctlon of the address A with the
second faulty message R proceeds positively. A further
branchpoint is now added in the check routine in which
a check for equality is made between the binary sym-
bols of the result of the position- by-position on disjunction
of the address A with the inverted value Q of the first
faulty message Q. If the reply proves to be negative, a
check for equality is made in the following branchpoint

between the symbols in the binary digits of the result of

the position-by-position disjunction of the inverted
value A of the address A with the second faulty mes-
sage. If the answer also proves to be negative, then the
decision: non-ascertainable fault F mpst be made,
whereupon the check routine is stopped.

3. Double addressing: This example considers the
case of double addressing. As mentioned earlier, FIG. 4
shows various items of information composed of the
binary digits ZO, Z1 . . .Z4. A bit pattern having the
form 00111 is entered for the address A of the selec-
tively addressed peripheral unit A. The address of the
incorrectly co-activated peripheral unit will exhibit the
bit pattern 0111. It was stated hereinabove why a posi-
tion-by-position disjunction of more than one item of
information applied concurrently to a line of bus line
system occurred. The reason was that a voltage poten-
tial representing a binary symbol 0 lowered a voltage
potential representing the binary symbol 1. According
to the rules of Boolean algebra, such a position-by-posi-
tion operation must be represented as a conjunction.

FIG. 4 shows how, when a message having the infor-
mation content of address A is concurrently applied
with a message having the information content of ad-
dress A, the bit pattern for the faulty message 0, i.e.,
00111 in this example, will be obtained. The same
consideration also applies, where necessary, to a sec-
ond faulty message R having the bit pattern 10000 in
the example used. For the items of information A, B, Q
and R, their inverted value (i.e., A, B, Q and R) are also
shown in FIG. 4.

Upon 1nitiation of the check routine, the check in-

struction PB:A is sent to the periphery. The received

message M 1s compared in the first branchpoint of the
check routine with the sent address A. According to
the prerequisites set for this example, another (initially
unknown) peripheral unit will likewise have been acti-
vated with the address A as a result of a fault in the area
of its address decoding so that it also delivers to the bus

line system a message with the information content of
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its address; this provides the bit pattern 00111 for said
first faulty message (hereinafter called Q) from the bit
patterns 00111 for address A and the bit pattern 01111
for address B. Hence, a comparison of the received
message M with the sent address A proceeds positively.

Now, a second test instruction PB:A is sent with the
address A, to which, in accordance with the prerequi-
sites, messages A and B are transferred back from both

peripheral units. The order of this second check in-
struction reads: REPORT BACK INVERTED AD-
DRESS. FIG. 4 likewise shows how the bit pattern
10000 for the second faulty message R is realized from
the bit pattern 11000 of the inverted address A and the
bit pattern 10000 of the inverted address B.

The comparison that follows in the check routine
between the received message M and the inverted ad-
dress A must proceed negatively, because the two bit
patterns differ in the binary digit Z1. The test routine is
continued over the connector K to a further branch-
point. Here, a test is made to determine the inequality
between the binary digits of the result of the position-
by-position disjunction of the inverted address A with
the first faulty message Q. FIG. 4 shows that the bit
pattern of the disjunction has the form 11111. Thus,
the binary digits are not identical.

In the following branchpoint a test is made to dis-
cover the inequality between the binary digits of the
result of the position-by-position disjunction of the
address A with the second faulty message R. FIG. 4
shows that the bit pattern of the logical operation has
the form 10111. Thus, there is an inequality so that in
the further course after the inequality between the
binary digits of the result there is a disjunction of the
address A with the inverted value Q of the first faulty
message. This is confirmed by corresponding represen-
tation in FIG. 4. Thereupon, the preliminary decision
DA/F can be effected. That means that one must de-
duce the existence of a double addressing DA or of a
non-ascertainable error F.

In order to be able to determine if the faulty messages
have in fact been caused by a double addressing DA,
the faulty component X of the messages must first be
discovered through other data processing operations.
The operations needed therefor can also be taken from
FIG. 4. In the last branchpoint, the component X of the
faulty messages obtained in this manner is now com-
pared sequentially with all the other existing addresses
in the periphery of the data processor B . . . C. If the
component X agrees with one of the addresses (in this
example, the address B), the decision DA (i.e., double
addressing) can.be made. In addition, as apparent from
FIG. 4, the address B of the incorrectly co-activated
peripheral unit B is determined. Thereupon, the check
routine is stopped.

The pnncxples of the invention are described hereln-
above in terms of a preferred form of construction and
arrangement by which they can be carried out. It is to
be noted that the described circuit arrangement for
practicing the invention, as well as the specific opera-
tions performed, can be modified or changed while
remaining within the scope of the invention as defined
by the appended claims.

I claim:

1. A method for testing data processing systems hav-
ing a plurality of peripheral units connected to a central
control by means of a bus line and wherein check in-
structions are sent over the bus line so as to obtain
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predetermined answerbacks to check these answer-
backs, comprising the steps of:
sending from said central control a first check in-
struction and an address of a given peripheral unit
for checking the correctness of address decoding in
said peripheral units,
communicating, responsive - to said first check in-
struction, the address of the addressed peripheral
unit to said central control as a first message,
comparing said first message received in said central
control with said sent address,
- sending, thereafter, a second check instruction and
said sent address from said central control,
communicating, responsive to said second check
instruction, said sent address of the addressed pe-
ripheral unit in inverted form to said central con-
trol as a second message, |
comparing said second message received in said cen-
tral control with said sent address in inverted form,
indicating a fault if said comparing steps produce the
result of inequality between said first message and
said sent address and/or inequality between said
second message and said second address in in-
verted form,
upon indicaion of a fault, correlating, bit-by-bit, said
first and second messages with said sent address
and said sent address in inverted form, |
determining a faulty component in one of said mes-
sages on the basis of the equality or inequality of a
bit position in said correlated messages and ad-
dresses and | o
comparing said faulty component with addresses of
others of said peripheral units for determining the
address where erroneous address decoding is oc-
curring thereby causing faulty messages.
2. The method defined in claim 1 wherein said corre-
lating step comprises: |
logically combining, bit-by-bit, said sent address in
inverted form with said first message for a first
operation result, |
In the case of equality of all bit positions of said first
operation result, logically combining, bit-by-bit,
said sent address with said second message for a
second operation result,
In the case of equality of all bit positions of said sec-
ond operation result, indicating a fault,
in case of inequality betwen bit positions of said first
and/or second operation results, logically combin-
ing, bit-by-bit, said sent address and said first mes-
sage in inverted form for a third operation result,
in case of inequality between bit positions of said
third operation result, logically combining, bit-by-
bit, said sent address in inverted form with said
second message for a fourth operation result,
In case of inequality between bit positions of said
fourth operation result, indicating a fault, and
in case of equality between bit positions of said third
and/or fourth operation results, locating a faulty
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component of a message by means of bit-by-bit

logical combinations of said sent address, said first
message and said second message.

3. The method defined in claim 1 wherein said check
instructions and the addresses of said peripheral units
are sent in cyclic sequence from said central control.

4. The method defined in claim 1 wherein said check
instructions and said messages are communicated by
means of separated data channels within said bus line,
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said check instructions and messages being coupled in
parallel to said binary signal components.

S. Apparatus for testing data processing systems hav-
ing peripheral units connected by means of a bus line to
a central control, wherein check instructions are sent
over said bus line to obtain predetermined answerbacks
comprising: |

means for producing and sending from said central

control a first check instruction and an address of a
given peripheral unit,
means ‘for producing and sending a second check
instruction and said address of said given periph-
eral unit from said central control, | |

answerback means in said peripheral units, each said
answerback means being operable responsive to
said first and second check instructions, respec-
tively, including said address which is the address
of the peripheral unit in which is located, to send
said address to said central c¢ontrol as a first mes-
sage and said address in inverted form as a second
message,

first comparing means in said central control for

comparing said first message with said address and
for comparing said message with said address and
for producing output signals indicating the results
of said comparisons, comparison of said first mes-
sage causing said means for producing and sending
said second message to operate, a fault being indi-
cated if said output signal from said comparing
means indicates inequality between said first mes-
sage and said address and/or inequality between
said second message and said address in inverted
form, ‘

correlating means coupled to receive said output

signal from said first comparing means and opera-
ble responsive to a value of said output signal from
said first comparing means indicating a fault for
correlating, bit-by-bit, said first and second mes-
sages with said address and said adress in inverted
form for locating a faulty component of one of said
messages and ~

- second comparing means for comparing said faulty
component as signalled from said correlating
means with addresses of others of said peripheral
units to determine the address of the peripheral
unit wherein address decoding is causing faulty
messages. |

6. The apparatus defined in claim 5§ wherein said bus
line is divided into a plurality of lines including a multi-
wire address circuit, a multiwire instruction circuit and
a multiwire data signal trunk.

7. The apparatus defined in claim 5 wherein said
means for producing and sending comprises a check
pulse generator and a sending unit, upon initiation of a
check routine, said check pulse generator receives
control instructions from a processing unit in said cen-
tral control and emits predetermined addresses and
check instructions to said sending unit for transmission
to an addressed peripheral unit.

8. The apparatus defined in claim 6 wherein said
peripheral units each comprise an address decoder
connected to said address circuit, an instruction de-
coder connected to said instruction circuit, a receiving
means having inputs connected to outputs of said ad-
dress decoder and instruction decoder and outputs
connected to a processing unit in said peripheral unit,
and a seriding unit having inputs connected to outputs
of said processing unit and outputs connected to said

data signal trunk.
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